With the increase of elderly population and the health problems arising nowadays, such as cancer, knee and hip joint prostheses are widely used worldwide. It is estimated that 20% of hip replacement surgeries simply fail after 5 years, due to wear loosening, instability and infection. In this paper it is reported the study of advanced materials with the ability to overcome some of these drawbacks. The development of ceramic coatings, The results revealed that the coatings with Ag content ranging from 4 to 8 at. %, were the most promising, as the tribological properties were superior to the results reported by other authors, which also developed Ag-TiCN coatings containing similar Ag
INTRODUCTION
The number of hip arthroplasties has been growing in recent years as a result of increased life expectancy of the world population. The development of materials with the ability to reduce the number of revision arthroplasties is an emerging field, thus contributing to reduce the costs associated with these surgical procedures and above of all to improve of patient´s life quality. Considering the aggressive environmental conditions to which they are subjected to, these materials must meet several
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requirements, namely: biocompatibility, wear and corrosion resistance and resistance to microbial colonization [1] . The development of ceramic coatings, such as DLC [2] , transition metal (e.g. Ti, Zr) carbides [3, 4] , nitrides [5, 6] and carbonitrides [7] , has been perceived as one of the solutions able to increase the lifetime of orthopedic prosthesis. TiCN coatings are able to comprise low wear rates, low friction coefficients [8] and good corrosion resistance [9] , which makes them good candidates for orthopedic implant applications. Despite the major developments in biomaterials field, microbial colonization of the implant surface and consequent infection remains an unsolved problem. In order to overcome this limitation great efforts have been dedicated to the development of biodevices with antibacterial surfaces, being most of them based on the incorporation of Ag nanoparticles [10, 11] . Moreover, it is reported that the incorporation of small amounts Ag in TiN [12] , CrN [13] , ZrN [14] , DLC [15] and TaN [16] matrixes is able to reduce the friction coefficient and improve the wear resistance of the base coating, due to the lubricant properties of this metal. Sánchez-lópez [10] claimed that the incorporation of Ag up to 6 at. % promoted an increase in the TiCN wear resistance. However, for higher Ag contents an opposite trend was reported.
Similar results were also found for Ag-TiN, Ag-CrN and Ag-ZrN coating [13] .
Furthermore, the addition of high contents of Ag may induce cytotoxicity in the host tissue and consequent rejection of the biomaterial [17] . Also, the incorporation of higher Ag contents promotes the increase in Ag clusters size, thus reducing the surface area and consequently their antimicrobial effect [9] . In this sense, the amount of Ag incorporated in the coatings must be tailored in order to obtain good tribological properties, good corrosion resistance, biocompatibility and antibacterial properties.
According to previous studies [9, 10] the best compromise for Ag-TiCN coatings were obtained for Ag contents up 6 at. % .
Synovial joints are protected from external agents by articular capsules, containing synovial membrane and synovial fluid, whose role is to maintain the balance between secretion and adsorption of the fluid [18] . This fluid has an extreme complex chemical composition, being mainly composed of an electrolytic solution rich in proteins (mainly albumin), polysaccharides (hyaluronic acid) and water-solved compounds. Hyaluronic acid is claimed to guarantee a high degree of viscosity, which enables a hydrodynamic lubrication, while albumin is able to increase the lubrication when adsorbed on the surface of joint material. Some studies [19] performed in vitro studies which evaluated the effect of few synovial fluid components, with a special focus on: bovine serum albumin (BSA); hyaluronic acid (HA) and phospholipids suspensions. Each of these components is usually included in a solution with an ionic composition that is similar to the one found in biological fluids, such as Hank's Balanced Salt Solution (HBSS).
In the present study the wear behavior of Ag-TiCN coatings was evaluated for different Ag contents ranging from 0 to 8 at. %. In order to simulate the conditions present in the synovial joints, the tribological tests were performed in a pin-on-disk tribometer for the following conditions: i) without lubrication, ii) using Hank´s Balanced Salt Solution (HBSS) as lubrication medium, and iii) using HBSS solution and bovine serum albumin (BSA) as lubrication medium. The objective of this work was to study the effect of albumin in tribological behavior.
EXPERIMENTAL DETAILS
Ag-TiCN coatings were deposited by reactive dc magnetron sputtering from a highpurity Ti target (200x100 mm 2 ) and a composed Ag-Ti target onto polished and ultrasonically cleaned 316L stainless steel (20x20 mm 2 ) and single crystalline silicon order to evaluate the dominant wear mechanism, the wears tracks were studied using 3D
profilometry (Mahr RM600-S).
RESULTS AND DISCUSSION

Physical and chemical characterization
The deposition parameters, the chemical composition, the thickness and some mechanical properties of the coatings are summarized in table 1. The deposition rate ranged from 1.1 to 1.6 µm increasing with the current density applied to both targets.
(J Ti+Ag + J Ti ). Although a decrease on the density applied to the Ti target and an increase on the density on the TiAg target are observed, the sum of current densities applied to both targets is increasing. To justify the increased deposition rate one should take into account the increase on the sum of current density applied to both targets, which corresponds to an increase in ion bombardment and proportionally the amount of ejected atoms. The elemental chemical composition shows that by increasing the J TiAg /J Ti current density ratio, the Ti content in the coatings decreases from 37 to 21 at.
% along with an increase in the Ag content from 0 to 8 at. %. The N content decreases slightly from 31 to 24 at. % and the C content increases from 28 to 42 at. %. In fact, the Gibbs free energy for the formation of TiN phases is -290 kJ/mol and for TiC is -180 kJ/mol. Therefore with decreasing Ti content an increase on the carbon content is observed since there is a clear trend to the formation of thermodynamically more stable
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carbon phases [9] . In order to confirm these assumptions, XPS analysis on the coating with lowest Titanium content and consequently highest Carbon content was performed. Within the O1s XPS spectra it is evident the appearance of the peak centered at 531.1 eV reported for O-Ti bonds. This is consistent by Ti2p spectra when appear the TiO x bond at 456.9 and 462.7 eV. The oxygen presence is due to the residual oxygen in the vacuum chamber, in the targets and also due to contamination after deposition [9, 10] .
Finally, the fitting of Ag3d XPS spectra (figure 1.c) revealed two doublet (Ag3d5/2 and Ag3d3/2 separated by 6eV) related to the Ag-Ag metal bonds (368.6 and 374.6 eV) and another one assigned to Ag-clusters bonds (369.1 and 375.1 eV), which was somehow predictable due the low solubility of C and N in silver. In agreement with Lopez-Salido angle with water, the results seem to point out to less hydrophobic surfaces due to the incorporation of silver. However, the roughness of the sample with higher Ag content is lower than that of the two other surfaces (Table 3 ) and consequently the results must be considered as comparative and not as absolute value. Nevertheless, the overall trend is that the incorporation of Ag induces a decrease of the critical wetting tension, indicating a greater difficulty of the coatings to be completely wet by liquids with high critical tension, such as water ( L = 72 mJ/m 2 ).
Structural characterization
XRD analysis was carried out in order to understand the evolution of the structure with the Ag content. The XRD patterns are shown in figure 2 .a and the main identified crystalline phases are TiC 0.3 N 0.7 (ICDD card no 00-042-1488) (face centered cubic) and Ag (ICDD card no 00-004-0783) which is in agreement with XPS analysis. The differences in the chemical composition correlate well with the differences observed in
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the developed structure. For the sample without Ag, the films crystallize in a B1-NaCl fcc structure typical for TiC 0.3 N 0.7 , although a peak shift towards lower angles is observed. This fact is in agreement with the measured chemical composition, because these samples contain a slightly higher C/N atomic ratio than TiC 0.3 N 0.7 . The deposition process is associated with the development of the compressive stresses, which may also explain the shift towards lower angles. This stress is due to the deposition parameters, namely, the bombardment during film growth. Since the deposition typically occurs at low temperature, the mobility of adsorbed species is low , and thus cannot undo the effect mentioned above.
The samples with low Ag percentage present a new diffraction peak attributed to Ag aim to obtain further information regarding these a-C and/or a-CN x phase. a decreasing on surface roughness [24] . However with the increase of the Ag content (4 % at. to 8 % at.) the cauliflower patterns are smoothed. This structure is formed when diffusion is low, resulting from the depositions parameters in particular the low ion bombardment and/or low deposition temperature. The roughness is a consequence of the morphology and the differences observed in all samples on the Sa roughness is due to the appearance of a second phase, Ag. According to the literature the Ag tends to diffuse to the surface and segregate to the column's boundaries promoting a decrease on the surface roughness [12, 25] .
Mechanical characterization
The hardness and Young's modulus values are presented in promotes a decrease in the hardness, as it was already discussed on Veprek [29] . The mechanical properties are also affected by phase composition of these nanocomposites influencing the balance between hard and soft phases and their distribution -ncTiCN/nc-Ag/a-CN x . Further discussion regarding the dependence can be found elsewhere [10, 30] .
Tribological characterization
The tribological performance of the Ag-TiCN coatings against Al 2 O 3 was investigated without lubrication (dry) and using HBSS and HBSS+BSA solutions as lubricants. such as Sánchez-López [10] . The compromise between these two phases can be positive for Ag content up to 4 at. % and become negative for higher levels of silver. Therefore the content of a-C also increased and the previously beneficial commitment ceases to exist. On dry conditions, it seems that the wear rate is related with TiCN/nc Ag/a-CNx ratio.
On HBSS lubrication conditions, the tribocorrosion is the wear mechanism responsible for the increase in wear rate. In fact, the electrolyte characteristic of this lubricant is capable of inducing oxidation of the metallic elements present in the modified surfaces which in turns is responsible for the increase of the wear rate. Moreover, this increase is proportional to the decrease of the contact angle of the surfaces with water. Lowest contact angles indicate better wettability of the surface by water and aqueous solutions and, consequently, increased reaction with the ionic species of the HBSS solution.
In case the HBSS+BSA environment the albumin protects the surface resulting in a decrease of the wear rate ( figure 5 ). In fact, figures 6 and 7 show the in depth XPS spectra for the sample Ag8TiCN in dry environment and in HBSS+BSA lubricated
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situation, respectively. Comparing the two spectra, it is visible that the contact of the surface with HBSS and protein (HBSS+BSA) results on surface modification. As it is possible to observe on the figure 7, a layer with constant composition, TiCN(O), for the first 500 nm depth, which appears to protect tribologically the coating surface against wear.
The protective nature of the protein on the surface is highlighted on sample Ag8TiCN.
In fact, the decrease observed in the wear rate when BSA is added to HBSS is much higher in this coating than in the other two surfaces. This fact is explained by the lowest A C C E P T E D M A N U S C R I P T A C C E P T E D M A N U S C R I P T 
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